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Figure 8: Experimental crack length (c) and depth (a) as a function of cycles. 

Figure 9: SEM images of corrosion pit (left) with initiation site and crack initiation sites 
(right) near the f lat surface of the specimen. 
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Figure 10: Marker band profiles (left) and SEM image of marker band locations and crack at 
the corrosion pit close to hole bore surface. 



AFGROW Analysis and Crack Growth Rate Calculation 

The crack growth based fatigue life is predicted using AF GROW [11 ). AF GROW is a fracture 
mechanics and fatigue crack growth analysis software tool that allows crack initiation and growth to 
predict the life of metallic structures. The AFGROW corner crack Krsolutions are used. The solutions 
are of the form given in equations (1) and (2): 

Ko = /Ja.CYJ;;i 
Kc= /Jc.CYJ;; 

(1) 

(2) 

Where Ka, Kc are the stress intensity factors, Pa. Pc are the geometric correction factors, cr is the remote 
applied stress and a, care the crack depth and length, respectively. For any crack scenario, AFGROW 
predicts the two-dimensional crack growth (a, c) and provides Ka and Kc for the crack growth rate 
calculations. Stress intensity factors (SIFs) in both 'a' and 'c' directions for the experimental crack 
growth rates are obtained by interpolation using the DARPA structural integrity prognosis system 
(SIPS) database for AA7075-T651 at R = 0.65. Crack growth predictions were carried out using 
corrosion pit depth and length as the starting crack dimensions. The crack growth profiles can also be 
predicted using any crack front scenario (marker band location of a periphery crack) . 

An analytical relationship between measured electric potential and crack length was developed by Roe 
and Coffin [9] for a three dimensional ellipsoidal surface disturbance in an infinite plate. The influence of 
initial defect on near-defect crack monitoring was modeled for a specimen with a specific initial defect 
(corrosion pit) and potential probe dimensions [10). Potentials corresponding to the AFGROW predicted 
crack growth profiles are obtained from the analytical solution. 

Crack growth rates for the experimental data in both directions are calculated using the incremental 
polynomial method outlined in the Appendix X1 .2 of the ASTM E647 [2] . Figure 11 shows the 
comparison between the experimental crack length and depth to those of dcPD calculated values. The 
calculated crack length and depth are normalized with respect to the initial pit dimension and final crack 
dimensions. The aspect ratio (a/c) of the crack was less than 1.0 at the beginning and exceeds 1.0 after 
46,000 cycles. The calculated crack dimensions are in excellent agreement with the experimental crack 
dimensions. Figure 12 shows the crack growth rate in both directions as a function of the stress 
intensity factor range, LlK. The corresponding data for the same alloy available from the SIPS database 
are also shown in the figure as a dashed line. The crack growth rate data of this specimen is in 
excellent agreement with that of the SIPS database except at higher LlK values. The crack growth rates 
were similar in both the planar surface and along the hole bore direction ('c' and 'a' directions, 
respectively). 



e 

2 s I 

I 
2.0 ! 

~is l 

r. I c 
!l 
~ 1.0 

S I 
o.s I 

f 

00 

I 
- normartztd a 
- normafited c: 
• mQJu-reda 
• rnf"a-turedc 

• 
0 10000 20000 30000 • 0000 soooo 60000 70000 

Cycles 

Figure 11: Comparison of calculated and experimental crack lengths (a, c). 
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Figure 12: Crack growth rates as function of LtK in both 'a' and 'c' directions. 

New SIF Solutions 

Comparisons between the test specimen and AFGROW predicted data show differences in the 
evolving crack shape (i.e. the crack-front aspect ratio , a/c) as a function of overall crack growth. 
Possible sources of these discrepancies could be, of many, the SIPS crack growth rate data and the 
SIF solutions. In an effort to resolve the discrepancies, new SIF solutions are being developed for the 
pit-to-crack specimen, which has extreme finite width effects, which are not properly accounted for in 
the current AFGROW simulations (11 ]. 

An example of the differences between the AFGROW and newly developed SIF solutions is shown in 
Figure 13. This example is for a fixed 'a' direction crack length with varying 'c' direction crack lengths, 
and thus varying crack aspect ratios. The solutions are presented as a function of the normalized 
parametric angle of an ellipse, <j>, around the crack front, with 0 being the 'c'-tip and 1 the 'a'-tip. The 
Advanced ('Adv') AFGROW solutions are presented here with solid lines and the new solutions are 
presented as discrete points. As can be seen from Figure 13, there can be significant differences in the 
SIF value with varying crack geometry from the ones used in the current prediction models. Most 
significant is the large differences at the 'c'-tip (near an angle of 0) of the ale = 1.5 data set, since the 
test specimen ale values range from 0.82 to 1.37. 
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Figure 13: New SIF solutions for the AA7075-T651 specimen as a function of angle around the 
crack tip compared with current AFGROW solutions. 

These analytical results warrant further investigation and a significant effort is underway to generate a 
high-fidelity solution space. 

CONCLUSIONS 

A laboratory procedure was developed and successfully demonstrated in introducing small corrosion 
pits (0.2 mm diameter) at center hole edge of an AA 7075-T651 specimen. A single stable weld joint of 
the potential probes was achieved. Fatigue life of AA 7075 aluminum alloy with an induced corrosion pit 
was determined. Post-test fractography revealed the crack nucleation sites close to the corrosion pit. 
Crack growth rates in both 'a' and 'c' directions as a function of stress intensity factor range are in 
excellent agreement with that of the SIPS database. However, better agreement may be obtained for 
the evolution of the crack shape through the application of the newly generated SIF solutions. These 
efforts may help the engineering community reach a better understanding of the mechanisms of and 
inhibitors to the transition of a corrosion pit to a crack. 
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